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Introduction
n developing countries, there is a wide spread use of organophosphorus (OP) insecticide compounds which has been associated with a significant increase in incidence of poisoning with these agents. This is attributed mainly to their easy availability, indiscriminate handling, storage and lack of knowledge about the serious consequences of poisoning with such insecticides (Makwava et al., 2012) .
Organophosphorus insecticides are irreversible inhibitors of acetylcholinesterase (AchE) enzyme. They inhibit both true cholinesterase and pseudocholinesterase (PchE) activity, which result in accumulation of acetylcholine (Ach) at synapses. The clinical manifestations are due to excess Ach at muscarinic and nicotinic receptors with initial stimulation, and then exhaustion of cholinergic synapses. There are three phases in acute OP poisoning. Acute cholinergic crises (first 48 hours), intermediate syndrome (IMS) (24-96 hours after poisoning) and delayed polyneuropathy. The acute cholinergic phase usually passes off within 48 hours but complete clinical recovery may take up to one week (Abdollahi and Karami-Mohajeri, 2012) .
Some Deaths from acute OP poisoning occur at or soon after admission (within the first 24 hours of I poisoning) during the acute cholinergic crisis. Most of such deaths result from acute respiratory failure due to central respiratory depression or from bronchospasm and bronchorrhea. Early and rapid atropenization is a priority during this phase.
Complications of pre-hospital respiratory arrest and unconsciousness, such as aspiration and anoxic brain damage, cause further deaths during the in-patient stay (Eddleston et al., 2005) .
On the other hand, there are deaths which occur days after admission after the patients have been stabilized and treated with oximes and atropine. These deaths are attributed to sudden respiratory arrest in which IMS is implicated. Unfortunately, in the hospitals with poor resources, facilities do not exist for poisoned patients to be routinely admitted to an ICU for close observation (Basnyat, 2000 and Michael et al., 2006) ).
The role of oximes in the management of OP poisoning is controversial. Although Cherian et al. (1997) suggest that oximes don't favorably affect the outcome based on several parameters including total atropine requirement and the duration of ventilation and hospitalization, Singh et al. (1998) noted that obidoxime administration produced dramatic neurophysiologic improvement on neuromuscular transmission when administered within the first 12 hours with no improvement or even worsening when it was administered after 24 hours of poisoning.
Intermediate syndrome (IMS) is a syndrome of muscular paralysis occurring in conscious patients 24-96 h following ingestion of an organophosphorus insecticide (De Bleecker, 1995; Karalliedde et al., 2006 and Jayawardane et al., 2008) . Muscle weakness affects predominantly the proximal limb muscles and those supplied by the cranial nerves including facial muscles. Although IMS is a very serious complication of acute organophosphorus poisoning due to the possibility of developing respiratory failure, its pathophysiology is not clearly understood (Karalliedde et al., 2006) .
Many studies have been carried out to investigate the diagnostic and prognostic value of serum pseudocholinesterase level in organophosphorus (OP) poisoning and their relationship with intermediate syndrome. Most of these studies have shown that though serum pseudocholinesterase (PchE) level can be used as a diagnostic marker for OP poisoning, its role in predicting outcome is minimal (Yun et al., 2012) .
Some researchers suggested that OP-labelled albumin, blood β-glucuronidase and paraxonase status can be used as very reliable markers for both diagnosis and prognosis of acute OP poisoning. The problem lies in that theses assays are costly and require specialized laboratories. So, cheap, available and easily measurable biomarkers having prognostic and predicting values are needed (Agarwal et al., 2006) . Experimental studies proved that rhabdomyonecrosis occur in animals after poisoning by OP compounds and some human studies revealed elevations in serum creatine phosphokinase (CPK) and lactate dehydrogenase (LDH) levels following acute OP poisoning and attributed that to muscle injury (John et al., 2003) .
Repetitive nerve stimulation (RNS) is a variant of the nerve conduction study where electrical stimulation is delivered to a motor nerve repeatedly several times per second. By observing the change in the muscle electrical response after several stimulations, a physician can assess for the presence of a neuromuscular junction disease. A decrement response (a smaller and smaller muscle response with each repetitive stimulus) is abnormal and indicates NMJ dysfunction (Mills, 2005) .
Repetitive nerve stimulation (RNS) depends on applying a series of small electrical shocks to certain nerves and the responses in the muscles innervated by these nerves are recorded. The percentage of decrement response which is the decrease in amplitude of the fifth to the first electrical muscle response is directly correlated with the impairment in nerve transmission (Yang et al., 2001) .
A review of some clinical and experimental electrophysiological studies in IMS shows that subclinical electrophysiological abnormalities are common and progressive. Repetitive nerve stimulation (RNS) has been validated as one of most useful electrophysiological tests in the evaluation of patients with suspected neuromuscular junction disorder including IMS which complicates OP poisoning (Paulo et al., 2010) . Aim of the study This study was carried out to study the role of the neurophysiological technique repetitive nerve stimulation (RNS) and serum levels of CPK and LDH in predicting respiratory failure in patients with acute OP poisoning, so that precautions for appropriate management of those patients could be undertaken.
Subjects and Methods

Subjects
This study is a prospective observational study conducted on 55 patients diagnosed as acute organophosphate poisoning and admitted to Poison Control Center, Zagazig University Hospitals in the period between April 2013 and June 2014.
Informed written consent was obtained from all the patients who participated in the study or from their accompanying relatives. This study was approved by Ethical Committee of Faculty of Medicine, Zagazig University.
Methods
Inclusion Criteria
 History of exposure to an organophosphate insecticide either by oral ingestion, inhalation or by dermal exposure.  Admission within 24 hours of exposure to OP (Pradeepa et al., 2012 and Kavya et al., 2012 Senanayake et al in 1993 , was used to assess clinical severity of poisoning. This scale can grade severity without laboratory investigations. It also does not rely on patient cooperation and hence can be applied to all groups of patients without the need of their cooperation. POP scale ranks the severity of poisoning using five clinical signs (pupil size, heart rate, respiratory rate, level of consciousness, and seizures). Each sign is graded on a scale from 0 to 2, with an additional point given for those that seize. According to POP scale, clinical severity was classified into mild poisoning (score 0-3), moderate poisoning (score 4-7), severe poisoning (score 8-11) [ Table 1 ]. The score was obtained at initial presentation before doing any medical intervention.
2-Laboratory investigations:
A venous blood sample (5ml) was collected in plain tube under aseptic precautions. Blood was allowed to clot, serum was separated by centrifugation and used for the analysis of following parameters:
Estimation of serum pseudocholinesterase (PchE) level by the calorimetric method described by Waber (1966) (normal level 1900-3800 U/L). The initial measurement and that at 4 th day after poisoning were reported in this study.
Estimation of serum creatine phosphokinase (CPK) and serum LDH levels by the spectrophotometric method described by Rosalki (1967) and Morgenstern et al.(1965) respectively (The normal value of serum CPK is 50-176 IU/L, LDH is 105-333 IU/L ). Serum levels of CPK and LDH were measured at admission time and repeated at the 4 th day of poisoning. The decision of estimating serum pseudocholinesterase, CPK and LDH levels at 4 th day following acute OP poisoning was because at this time, IMS (24-96 hours) is expected to either resolve with clinical improvement of the patient or there will be deterioration of IMS with possible development of respiratory failure (Lee and Tai, 2001 ). 3-Neuroelectrophysiological study using RNS: 24 hours after OP poisoning, the patients were submitted to a neurophysiological study in the form of repetive nerve stimulation for three successive days (i.e at the 2nd, 3 rd and 4 th day after poisoning) to evaluate intermediate syndrome which occur 24-96 hours after acute OP poisoning (De Bleecker, 1995; Karalliedde et al., 2006 and Jayawardane et al., 2008) . RNS was carried out in the present study using Nicolet electromyography machine (non portable) (( Fig. 1 ) according to the guidelines for repetitive nerve stimulation recording mentioned by Stilberg and Sanders (1981) which included the following:
-A peripheral nerve is electrically stimulated and the amplitude of the compound muscle action potential (CAMP) is recorded at rest and after a short voluntary activation.
-The stimulation frequency is 3 HZ and the number of stimuli is 9-10.
-The result is reported as the difference in amplitude of the CAMP between stimulation one and five (in %).
Spinal accessory nerve as a proximal motor nerve (supplying trapezius muscle) and facial nerve (supplying nasalis muscle) were chosen for performing repetitive nerve stimulation test. These two nerves were chosen for performing RNS as proximal limb muscles and muscles supplied by cranial nerves including facial muscles (innervated by facial nerve which is cranial nerve VІІ) are the most affected muscles in IMS. The technique was done by using surface disk electrodes to record the CAMP amplitude. RNS testing of spinal accessory nerve was carried out by placing the active electrode over the proximal part of the trapezius muscle and the stimulator over the spinal accessory nerve, just behind the sternocleidomastoid muscle. On studying the facial nerve by RNS, the active electrode was placed on the nasalis muscle and the stimulator over the facial nerve. A train of nine to ten supramaximal stimuli were delivered at 3 Hz frequency. The ratios of the amplitude of the fifth CAMP response to the first response were noted. This ratio effectively measure the percentage of decrement response (%). A CMAP decrement of 10% or more is considered a significant one. Manual immobilization of patient had been considered to minimize the artifacts.
4-Follow up of all patients with clinical observation until the patient is either cured and discharged or deteriorate and develop respiratory failure with the need to be mechanically ventillated .
Data analysis
The Statistical Package for the Social Sciences (SPSS) program, version 11.01 was used for data analysis. Oneway ANOVA test was used when more than two groups with parametric data were to be compared, while Kruskal-Wallis test was used when nonparametric data were compared. Correlation between variables was done using correlation coefficient "r".Values were considered statistically significant if P ≤0.05 and highly significant if ≤0.001 (Norusis, 1997) .
Results
The age of the patients participated in the study ranged from 17-52 years (mean age=26.5 years). Most patients (83.6%) gave history of living in rural areas, while only 16.4% were living in urban areas. The socioeconomic status of the patients was assessed using modified ElSherbini and Fahmy (1983) classification according to four parameters; education, occupation, income and crowding and it was found that most patients participated in the study were of low socioeconomic status (81.8%) while 14.6% and 3.6% were of moderate and high socioeconomic status respectively. This study showed that the commonest organophosphorus compound encountered in poisoning was chlorpyrifos (41.8%). Other OP compounds implicated in poisoning were malathion (29%), parathion (23.7%), propenophos and triazophos (5.5%). Mode of poisoning was mainly suicidal (85.5%) followed by accidental (10.9%), while only 3.6% was homicidal. The patients included in the study were subdivided into mild (n=20), moderate(23) and severe(12) groups according to the criteria determined by POP scale (Fig.2) .
There was a significant difference among patients with different clinical severities (as determined by POP scale) as regard initial pseudocholinesterase level (p<0.05). On the other hand, there was non-significant difference between them 4 days after poisoning (p>0.05) ( Table 3) . As regard mean values of serum CPK measured both at time of admission and 4 days after poisoning, there was a significant difference among patients with mild, moderate and severe poisoning (p<0.001) ( Table 3) .
Comparing the mean values of serum LDH levels among patients with mild, moderate and severe OP poisoning revealed non-significant difference neither at admission time nor at the 4 th day following poisoning (p>0.05) ( Table 3) .
At the end of the study, comparing the mean values of serum pseudocholinesterase measured at 4 th day of poisoning between patients who developed respiratory failure and those who showed complete recovery and discharged revealed non-significant difference (p>0.05) ( Table 4) .
On the other hand, there was a significant difference between patients who developed respiratory failure and those who didn't regarding serum CPK measured 4 days after poisoning (p<0.001) (Table 4) .
Comparing mean values of serum LDH measured at 4 th day of poisoning revealed non-significant difference between patients complicated with respiratory failure and patients who escaped this complication (p>0.05) ( Table 4) .
There was a significant difference between patients with mild, moderate and severe OP poisoning as regard mean values of decrement response recorded by RNS of spinal accessory and facial nerves at 2 nd , 3 rd and 4 th day of poisoning (p<0.001) ( Out of the 12 severe cases, 6 patients showed progressive increase in the severity of decrement response (range was 37-44% (spinal accessory) and 32-41% (facial nerve) at 2 nd day increased to 39-50% (spinal accessory) and 33-43% (facial nerve) at 3 rd day then to 41-55% (spinal accessory) and 39-52% (facial nerve) at 4 th day). All these patients developed respiratory failure 1-3 days later and needed mechanical ventilation. The remaining 6 cases showed progressive decrease in decrement severity (range was 15-33% (spinal accessory) and 16-27% (facial nerve) at 2 nd day decreased to 10-25% (spinal accessory) and 10-13% (facial nerve) at 3 rd day and reached 8-17% (spinal accessory) and 5-9% (facial nerve) at 4 th day) ( Table 5 , 6, 7). This decrease in decrement severity was associated with clinical improvement.
When the mean values of decrement response severity of both spinal accessory and facial nerve were compared between patients who developed respiratory failure and those who didn't at the 4 th day of poisoning, a significant difference was found with the patients who developed respiratory failure showed the higher decrement response (p<0.001) ( Table 8) . By studying the correlation between the biochemical parameters measured at the 4 th day of poisoning and severity of decrement response measured at 4 th day, it was found that there was a strong positive correlation between serum CPK level and severity of decrement response (of both spinal accessory and facial nerve) (p<0.001) ( Table 9) (Fig. 3, 4) . On the other hand, there was no correlation between serum LDH level and severity of decrement response (of spinal accessory and facial nerve) assessed at 4 th day of poisoning (p>0.001) (Table 10) (Fig. 5, 6 ). 
Discussion
Intermediate syndrome (IMS) is a major complication associated with acute organophosphorus poisoning after recovery from cholinergic crisis. The cardinal features of this syndrome are limb weakness (proximal more than distal), facial weakness, cranial nerve palsies and respiratory muscle weakness which usually develop 24-96 hours of exposure to OP insecticides (Vikram et al., 2005) . The problem is in that, some of the cases which develop IMS can rapidly deteriorate and develop respiratory failure and death. Early prediction of respiratory failure will allow make correct decisions regarding such cases as to be admitted at ICU where equipment is available for emergency management of respiratory failure (Darren and Cynthia, 2007) .
Some clinical studies reported electrophysiological changes by RNS in patients with OP poisoning and attributed these changes to IMS ( Avasthi and Singh, 2000) . Findings of other experimental and clinical studies documented that IMS is associated with rhabdomyolysis which is followed by a proportionate rise in CPK and LDH levels (Bhattacharya et al., 2011 ).
Taking the above mentioned studies in consideration, this study was carried out to assess the role of changes recorded by RNS and serum CPK and LDH levels in predicting respiratory failure which is the main cause of death in acute poisoning with OP insecticides.
Fifty five (55) patients diagnosed as acute organophosphorus poisoning and admitted at Poison Control Center, Zagazig University Hospitals in the period from April 2013 to June 2014 were enrolled in this study. Serum pseudocholinesterase which is measured routinely in acute OP poisoning was assessed both at time of admission and at 4 th day of poisoning. Neuromusclar transmission failure in IMS due to OP poisoning was assessed by the neurophysiological technique repetitive nerve stimulation (RNS). The decrement response was recorded and correlation with clinical severity and development of respiratory failure was studied.. Also serum CPK and LDH levels were measured for studying the probability of their use as a biochemical markers for OP poisoning severity and prediction of developing respiratory failure. This study revealed that there was nonsignificant difference between patients who developed respiratory failure and those who didn't as regard serum pseudocholinesterase level measured at 4 th day of poisoning. These results were in parallel with that of Sen et al. (2014) who mentioned that Serum pseudocholinesterase serves as a diagnostic parameter for OP poisoning but it cannot be used as a prognostic biomarker.
The results of this study showed that there was a statistically significant increase in the mean values of serum CPK levels in patients diagnosed as severe poisoning when compared with cases of mild and moderate poisoning. This increase was both at time of admission and at the 4 th day of poisoning. In addition, there was a significant increase in serum levels of CPK among patients who developed respiratory failure when compared with those who didn't develop this serious complication.
The previous results coincided with that of Hassan and Madboliy (2013) and Sumathi et al. (2014) who stated that seum CPK is a promising prognostic indicator in OP poisoning and mentioned that, there is a strong correlation between CPK levels and severity of OP poisoning. They attributed the elevation in its level to intermediate syndrome and rhabdomyolysis associated with OP poisoning.
In a harmony with the previous results, a study carried out by Sen et al. (2014) showed that there was a statistically significant difference between survivors and non survivors from OP poisoning regarding CPK level and suggested that it can be used as a measure of prognostic significance.
On the other hand, there was non-significant difference in LDH level among patients with different clinical severities either at time of admission or 4 days following poisoning with OP. Also, comparing mean values of LDH between patients who developed respiratory failure and those who didn't, showed that there was non-significant difference between the two groups.
These results supported by Sen et al. (2014) who found that serum levels of LDH showed non significant difference between patients with acute OP poisoning who developed serious complications which end in death and those who showed complete clinical recovery. According to these results, they concluded that LDH is not a reliable indicator for prognosis and prediction of severe complications including respiratory failure.
The increase in CPK but not in LDH serum levels in acute OP poisoning can be explained by Efstratiadis et al. (2007) who stated that CPK is more reliable and sensitive indicator of muscle injury than LDH and this support the experimental studies which proved that rhabdomyonecrosis occur in animals after poisoning by OP poisoning (Vanneste and Lison, 1993) .
Regarding neurophysiological assessment by RNS, patients who were diagnosed as severe poisoning at time of admission showed significant increase in the severity of decrement response throughout the period of assessment (i.e at 2 nd , 3rd and 4 th day following poisoning) when compared with patients who were diagnosed as mild and moderate poisoning. When the values of decrement response were compared between patients who developed respiratory failure and those who didn't at the end of the study, it was found that cases who developed respiratory failure showed a significant increase in the mean of decrement response severity.
Consistent with the previously mentioned findings, a study conducted by Pradeepa et al. (2008) revealed a series of electrophysiological changes in the form of decrement response recorded by RNS in patients with acute OP poisoning. They stated that these changes resolved over time in most cases but in the most severe cases, the severity of decrement response was increasing and finally ended in respiratory failure.
The mechanism of electrophysiological changes (decrement response) recorded by RNS was explained by Poojara et al. (2003) who mentioned that IMS could be due to a conformational change in the acetylcholine receptor altering the depolarization neuromuscular block to a non-depolarization block. Consistent with this mechanism, Javawardane et al. (2009) stated that, neuromuscular transmission failure observed in IMS is caused by presynaptic feedback which may reduce acetylcholine release and postsynaptic receptor desensitization.
Conclusion
It is concluded from this study that severity of decrement response recorded by RNS and serum CPK level can help in identifying the patients with acute OP poisoning who are at a high risk of developing respiratory failure, hence, they can be used as early predictors of this serious complication. So, it's recommended to use them especially in patients who are clinically diagnosed as severe OP poisoning at time of admission to decrease morbidity and mortality. On the other hand, this study revealed that serum LDH had no correlation with development of respiratory failure in OP poisoning and can not be used as a predictor of this complication .
